1. Introduction
===============

Intracerebral hemorrhage (ICH) is the deadliest stroke subtype and accounts for nearly 15% of all strokes worldwide.^\[[@R1]\]^ It carries a poor prognosis, with a mortality up to 40% at 30 days and only 20% survivors could live independently at 6 months.^\[[@R2]\]^ Although Several factors have been implicated as predictors of ICH outcome including initial hematoma volume, shorter time from onset, age, and Glasgow outcome scale (GOS) score are non-modifiable at presentation.^\[[@R3]--[@R5]\]^ However, hematoma volume remains the strongest determinant of 30-day mortality.^\[[@R3]\]^ Crucially, hematoma size is variable, up to one third of ICH patients experience hematoma expansion in the first 3 to 6 hours after stroke onset,^\[[@R5],[@R6]\]^ and hematoma expansion (HE) is a major determinant of early deterioration and death.^\[[@R5],[@R7]\]^ It also has been regarded as an independent predictor for unfavorable outcomes after ICH.^\[[@R5],[@R8]\]^ Thus, prevention of hematoma growth has become the primary goal of early ICH treatment. It is particularly important to identify and predict which patients would develop hematoma expansion. To identify an accurate and credible predictor of hematoma expansion in patients with ICH is important.^\[[@R9]\]^

In recent years, several studies have observed associations among admission magnesium serum level, hematoma volume, and outcome in patients with ICH. Behrouz et al^\[[@R10]\]^ found that hypomagnesemia is associated with severe presentation of admission but not hematoma volume and discharge outcome. Liotta et al^\[[@R11]\]^ indicated that lower serum magnesium level were associated with greater initial hematoma volume, the same as HE, and poor functional outcome at 3 months. Goyal et al^\[[@R12]\]^ analysis showed that higher admission serum magnesium level were strongly correlated to smaller initial hematoma volume, as well as admission ICH score and favorable functional outcome in patients with ICH. Finally, Han et al^\[[@R13]\]^ results show that higher baseline serum magnesium level was significantly associated with decreased mortality at 3 months in ICH patients, but they did not found the same association between serum magnesium and poor functional outcome at 3months. So far, the role of serum magnesium in HE and outcome following ICH remains limited and controversial. Thus, we carry out this study to assess the predictive ability of low serum magnesium level for HE or poor outcome after ICH. To our knowledge, this is the first meta-analysis to assess the correlations of low serum magnesium level with HE and outcome in ICH patients.

2. Methods
==========

2.1. Standards
--------------

This protocol will be performed comply with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) guidelines.^\[[@R14]\]^

2.2. Ethical issues
-------------------

Ethical approval is not required as this study based on aggregate data and will be not involve humans.

2.3. Registration
-----------------

The protocol has been registered on PROSPERO with number: CRD42019135995.

2.4. Data sources and search strategy
-------------------------------------

We will systematically search the following databases: PubMed, Medline, EMBASE, Web of Science, and The Cochrane Library. The language was restricted to English.

The reference lists and related articles in each identified publication were reviewed to identify other potential studies.

The search for PubMed will be performed using multiple combinations of the following terms:

1.  serum magnesium OR blood magnesium OR magnesium OR hypomagnesemia; AND

2.  hematoma volume OR extent of bleeding OR hematoma expansion OR hematoma enlargement OR hematoma growth; AND

3.  intracerebral hemorrhage OR cerebral hemorrhage AND

4.  association OR relationship. Search term will be adapted to other databases based on their specific requirements for each database.

2.5. Inclusion and exclusion criteria
-------------------------------------

Studies will be included if they meet the standard as follows

1.  retrospective studies, randomized control trials, case-control, and cohort;

2.  Intracerebral hemorrhage diagnosed by CT;

3.  data can be used for quantitative analysis. Secondary intracerebral hemorrhage, studies that did not report serum magnesium data, hematoma expansion, and clinical outcomes will be excluded.

2.6. Data extraction and quality assessment
-------------------------------------------

Characteristics and data will be extracted by using a standardized form after 2 researchers independently reviewed the included studies. The procedure of selection will be summarized base on PRISMA flow diagram (Fig. [1](#F1){ref-type="fig"}). The collected data were as follows: author, publication year, country, design, study period, effective sample size, onset to CT scan time, definition of HE, follow up CT time, demographic information, and outcome measurements.

![Flow chart of literature screening process. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097.](medi-99-e18719-g001){#F1}

Two researchers independently assessed methodological quality using the Newcastle--Ottawa Scale. Discrepancies will be solved by discussion and consensus.

Definition hematoma expansion defined as relative hemorrhage growth \>33% or absolute hemorrhage growth \> 6 ml from initial CT scan to follow-up CT scan.^\[[@R15]\]^ Death and poor clinical outcome as outcome indicators measured by the Glasgow Outcome Scale (GOS) score, or modified Rankin score (mRS).

2.7. Statistical analysis
-------------------------

Review Manager software (version 5.3.3 Cochrane Collaboration) will be used for all statistical analyses in this meta-analysis. We will use odds ratio (OR) and its 95% confidence intervals (CIs) selected as the effect size to quantify the strength of association between low serum magnesium level and HE, death, or poor clinical outcome. Chi-Squared and Cochran-*Q* test will be used to assess the heterogeneity across included studies, substantial heterogeneity will be determined if *I*^2^ \> 50%. Summary receiver operator characteristics (SROC) curve was conducted to evaluate the accuracy of low serum magnesium level for predicting hematoma expansion. The publication bias across included studies will be evaluated by using a funnel plot asymmetry test, and significant publication bias was identified if *P* \< .05.

3. Discussion
=============

Intracerebral hemorrhage (ICH) accounts for 10% to 15% of all strokes and is associated with 40% early mortality and 80% disability.^\[[@R2],[@R16],[@R17]\]^ Early neurological deterioration, poor outcomes of ICH are associated with large initial ICH volumes and hematoma expansion (HE)^\[[@R15],[@R18],[@R19]\]^ Recently, more and more studies have investigated the roles for magnesium in preventing hematoma growth and improving clinical outcome in ICH. However, the results of these studies are inconsistent and controversial. Hence, we hope this review will determine whether serum magnesium can be used as a biomarker for hematoma expansion and poor outcome. However, more prospective and larger sample size studies are needed to verify our findings in the future due to the possible heterogeneity among studies and limitations of studies in our analysis.
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